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1

SYNCHRONOUS AIRWAY PRESSURE
RELEASE VENTILATION

This patent application claims the priority benefit under

35 U.S.C. § 371 of international patent application no.

PCT/IB2014/061963, filed Jun. 5, 2014, which claims the
priority benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Application No. 61/833,552 filed on Jun. 11, 2013, the

contents of which are herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure pertains to systems and methods
for pressure control ventilation, and, in particular, to provide
airway pressure release ventilation which 1s synchronous to
a patient’s breathing pattern.

2. Description of the Related Art

Airway pressure release ventilation 1s a method of bilevel
pressure ventilation that produces a severe mverse ratio to
periodically eliminate carbon dioxide from the airway of a
subject, while maintaining a high positive airway pressure or
Mean Airway Pressure for alveolar recruitment. It was
described by Stocks and Downs 1n 1987 and 1s indicated to
treat acute lung mjury along with other respiratory compli-
cations.

SUMMARY OF THE

INVENTION

Accordingly, one or more aspects of the present disclosure
relate to a pressure control ventilation system configured to
provide airway pressure release ventilation synchronous
with a breathing subject, the pressure support system com-
prising a pressure generator configured to generate pressur-
1zed tlow of breathable gas, one or more sensors configured
to generate output signals conveying information related to
one or more gas parameters of the pressurized tlow of
breathable gas, and one or more processors configured to
execute computer program modules.

The computer program modules comprise a synchroniza-
tion module configured to detect mspiratory and expiratory
flow phases of the breathing subject, including detecting
starts and ends of the inspiratory and expiratory tlow phases
of the breathing subject, the detection based in part on the
output signals of the one or more sensors, an interval module
configured to define time 1ntervals, the time 1ntervals includ-
ing beginming times and end times, and a control module
configured to control the pressure generator to deliver pres-
surized flow of breathable gas with a pressure that fluctuates
between first and second pressure ranges such that at the first
higher pressure range the lungs of the subject are supported
by the pressurized flow of breathable gas to maintain
adequate lung volume, and at the second pressure range
pressure through the airway of the subject 1s reduced to
facilitate exhalation of carbon dioxide from the subjects
lungs and facilitate tidal ventilation.

The control of the pressure generator includes, effectuat-
ing delivery of the pressurized flow of breathable gas to the
airrway ol the subject with the first pressure range at the
beginning time of a time 1nterval, eflectuating adjustment of
the pressurized flow from the first pressure range to the
second pressure range responsive to a detection by the
synchronization module of a start of a first expiratory tlow
phase 1n the time interval or by a predetermined set time
period, eflectuating maintenance of delivery of the pressur-
1zed flow of breathable gas at the second pressure range over
the expiratory tflow phase; and eflectuating maintenance of
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delivery of the pressurized flow of breathable gas at the first
pressure range responsive to a detection by the synchroni-
zation module of the start of inspiration or by a predeter-
mined set time period following the first expiratory flow
phase. Furthermore, the pressurized flow of breathable gas
will be maintained at the first pressure range over all
expiratory and inspiratory tlows following the first expira-
tory flow phase until the end time of the time interval.

Yet another aspect of the present disclosure relates to a
method for delivering pressure control ventilation config-
ured to provide airway pressure release ventilation synchro-
nous with a breathing subject that includes a pressure
generator configured to generate pressurized flow of breath-
able gas to a subject, a conduit for communicating pressur-
ized flow from the pressure generator to a subject, an
interface appliance to communicate the pressurized flow to
the arrway of the subject, one or more sensors configured to
generate output signals conveying information related to one
or more gas parameters of the pressurized flow, one or more
processors configured to execute computer modules, a
power source, a user interface, and electronic storage.

The method comprises generating the pressurized tlow of
breathable gas with the pressure generator, communicating
the pressurized flow of breathable gas to the airway of the
subject with the interface appliance, generating output sig-
nals conveying information related to one or more gas
parameters of the pressurized flow of breathable gas with the
one or more sensors, executing computer program modules
on the processor, wherein the computer program module
detect inspiratory and expiratory flow phases of the breath-
ing subject including detecting starts and ends of the imspira-
tory and expiratory flow phases of the breathing subject,
defining time 1ntervals for providing periodic airway pres-
sure release ventilation including defining beginming times
and end times of the time intervals, and controlling the
pressure generator to deliver pressurized tflow of breathable
gas with a pressure that fluctuates between pressure ranges.

Controlling the pressure generator includes controlling
the pressure generator to deliver pressurized tlow of breath-
able gas with a pressure that fluctuates between first and
second pressure ranges such that at the first pressure range
the lungs of the subject are supported by the pressurized flow
of breathable gas to maintain adequate lung volume, and at
the second pressure range the pressure through the airway of
the subject 1s reduced to facilitate exhalation of carbon
dioxide from the subjects lungs and encourage tidal vent-
lation, eflectuating delivery of the pressurized tlow of
breathable gas to the airway of the subject with the first
pressure range at the beginning time of a time interval,
cllectuating adjustment of the pressurized tflow from the first
pressure range to the second pressure range responsive to a
detection of a start of a first expiratory tlow phase in the time
interval, eflectuating maintenance of delivery of the pres-
surized flow of breathable gas at the second pressure range
over the first expiratory flow phase, and efl

ectuating main-
tenance of delivery of the pressurized flow of breathable gas
at the first pressure range with the option of a programmable
pressure support during the imspiratory tlow phase following
the first expiratory flow phase, and maintaining pressure at
the first pressure range over all other expiratory flow phases
following the first expiratory flow phase until the start of a
new time interval.

Still another aspect of present disclosure relates to a
pressure control ventilation system configured to provide
ailrway pressure release ventilation synchronous with a
breathing subject, the pressure support system comprising
means for generating the pressurized tlow of breathable gas,
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means for communicating the pressurized flow of breathable
gas to the airway of the subject, means for generating output
signals conveying information related to one or more gas
parameters of the pressurized flow of breathable gas, means
for executing computer program modules, means for detect-
ing ispiratory and expiratory tlow phases of the breathing
subject including detecting starts and ends of the inspiratory
and expiratory flow phases of the breathing subject, means
for defining time intervals for providing periodic airway
pressure release ventilation including defining beginming,
times and end times of the time intervals, and means for
controlling the pressure generator to deliver pressurized tlow
of breathable gas with a pressure that fluctuates between
pressure ranges.

The means for controlling the pressure generator includes
means for controlling the pressure generator to deliver
pressurized flow of breathable gas with a pressure that
fluctuates between first and second pressure ranges such that
at the first pressure range the lungs of the subject are
supported by the pressurized flow of breathable gas to
maintain adequate lung volume, and at the second pressure
range pressure through the airway of the subject 1s reduced
to facilitate exhalation of carbon dioxide from the subjects
lungs and encourage tidal ventilation, effectuating delivery
of the pressurized flow of breathable gas to the airway of the
subject with the first pressure range at the beginning time of
a time interval, eflectuating adjustment of the pressurized
flow from the first pressure range to the second pressure
range responsive to a detection of a start of a first expiratory
flow phase 1n the time interval, effectuating maintenance of
delivery of the pressurized flow of breathable gas at the
second pressure range over the expiratory flow phase, and
cllectuating maintenance of delivery of the pressurized tlow
of breathable gas at the first pressure range over all other
expiratory flow phases following the first expiratory tlow
phase until the end of the time interval.

These and other objects, features, and characteristics of
the present disclosure, as well as the methods of operation
and functions of the related elements of structure and the
combination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate
corresponding parts 1 the various figures. It 1s to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a pressure control ventilation system providing
airrway pressure release ventilation which 1s synchronous to
a patient’s breathing pattern that includes a pressure gen-
erator configured to generate pressurized flow of breathable
gas to a subject, a conduit for communicating pressurized
flow from the pressure generator to a subject, an interface
appliance to communicate the pressurized tlow to the airway
of the subject, one or more sensors configured to generate
output signals conveying information related to one or more
gas parameters of the pressurized flow, one or more proces-
sors configured to execute computer modules, a power
source, a user interface, and electronic storage;

FIG. 2 1s an 1llustration of gas parameters measured over
time relating to output signals of the sensors of the pressure
control ventilation system:;
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FIG. 3 1s a method for controlling the pressure generator
of the pressure control ventilation system; and

FIG. 4 1s a method for delivering pressure control venti-
lation which provides periodic airway pressure release ven-
tilation which 1s synchronous to a patient’s breathing pat-
tern.

As used herein, the singular form of “a”, “an”, and “the”
include plural references unless the context clearly dictates
otherwise. As used herein, the statement that two or more
parts or components are “coupled” shall mean that the parts
are joined or operate together either directly or indirectly,
1.€., through one or more intermediate parts or components,
so long as a link occurs. As used herein, “directly coupled”
means that two elements are directly 1n contact with each
other. As used herein, “fixedly coupled” or “fixed” means
that two components are coupled so as to move as one while
maintaining a constant orientation relative to each other.

As used herein, the word “unitary” means a component 1s
created as a single piece or unit. That 1s, a component that
includes pieces that are created separately and then coupled
together as a unit 1s not a “unitary” component or body. As
employed herein, the statement that two or more parts or
components “engage” one another shall mean that the parts
exert a force against one another either directly or through
one or more intermediate parts or components. As employed
herein, the term “number” shall mean one or an integer
greater than one (1.e., a plurality).

Directional phrases used herein, such as, for example and
without limitation, top, bottom, leit, right, upper, lower,
front, back, and derivatives thereof, relate to the orientation
of the elements shown 1n the drawings and are not limiting
upon the claims unless expressly recited therein.

FIG. 1 schematically illustrates an exemplary embodi-
ment of a pressure control ventilation system 10 configured
to provide periodic airway pressure release ventilation syn-
chronous to a subject’s breathing pattern. Pressure control
ventilation system 10 may be configured to provide the
pressure support and ventilation 1n the form of a pressurized
flow of breathable gas that 1s delivered to the airway of the
subject. Pressure control ventilation system 10 may be
configured to deliver pressurized flow of breathable gas 1n
multiple pressure ranges. Pressure control ventilation system
10 may be configured to allow subjects to breathe sponta-
neously during delivery of the pressurized flow of breathable
gas at a first pressure range. Pressure control ventilation
system 10 may be configured to provide pressure release n
the form of delivery of pressurized tflow of breathable gas at
a second pressure range, wherein the second pressure range
1s lower than the first pressure range.

The pressure release provided by delivery of pressurized
flow of breathable gas at the second pressure range may
tacilitate the exhalation of carbon dioxide from the subjects’
arrway at periodic intervals, while delivery of pressurized
flow of breathable gas at the first pressure range may
improve oxygenation through greater alveolar recruitment.
The pressure level being delivered within the first pressure
range may be varied to a relatively higher pressure level to
provide additional pressure support in the first pressure
range during inspiratory flow phases. The pressure level
being delivered within the first pressure range may be varied
to a relatively lower pressure level to provide pressure relief
in the first pressure range during expiratory tlow phases.

The present disclosure contemplates that pressure control
ventilation system 10 may be used to treat symptoms and/or
conditions related to Acute Respiratory Distress Syndrome,
Acute Lung Injury, and other forms of respiratory failure or
isuiliciency, and/or other uses. The other uses may include
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treatment of central or obstructive sleep apnea, Obesity
Hypoventilation Syndrome and related forms of chronic
hypoventilation, and/or other uses.

In some embodiments, pressure control ventilation system
10 comprises one or more of a pressure generator 12, one or
more processors 14, a power source 22, electronic storage
24, a user 1interface 26, one or more sensors 28, and/or other
components.

Pressure generator 12 1s configured to generate a pressur-
ized flow of breathable gas for delivery to the airway of a
subject. Pressure generator 12 may include a conduit 32
providing a flow path for delivering the breathable gas to the
subject. Conduit 32 may comprise one or more of a flexible
conduit, sealed tubing, and/or other component suitable for
delivery of pressurized breathable gas. Conduit 32 may be
integrally connected to an interface appliance 30. Interface
appliance 30 may comprise one or more ol a nasal mask,
nasal cannula, a tull face mask, a nasal pillow mask, a hybrid
mask, an oral mask, a total face mask, an endotracheal tube,
and/or other invasive and/or non-invasive interface appli-
ance configured to communicate a flow of gas to the airway
of a subject. In some embodiments, interface appliance 30
may be removably coupled to conduit 32. Interface appli-
ance 30 may be removed for cleaning and/or for other
purposes.

Pressure generator 12 generates pressurized flow of
breathable gas according to one or more parameters of the
flow of gas (e.g., flow rate, pressure, volume, temperature,
gas composition, etc.) for therapeutic purposes, and/or for
other purposes. By way of a non-limiting example, pressure
generator 12 may be configured to generate pressurized tlow
at a flow rate and/or pressure of the flow of gas to provide
pressure support and/or pressure release ventilation to the
airrway ol a subject.

Pressure generator 12 may receive a flow of gas from a
gas source, such as the ambient atmosphere, and elevates the
pressure of that gas for delivery to the airway of a subject at
a pressurized flow. In some embodiments, pressure genera-
tor 12 may receive a flow of gas from a gas source through
an inlet port (not shown). Pressure generator 12 may be any
device, such as, for example, a pump, blower, piston, or
bellows, that 1s capable of elevating the pressure of the
received gas for delivery to a subject. Pressure generator 12
may comprise one or more valves for adjusting the delivery
of the pressure/tlow of gas. The present disclosure also
contemplates controlling the operating speed of the blower,
either alone or 1n combination with such valves, to control
the pressure/flow of gas provided to the subject.

In some embodiments, pressure generator 12 1s config-
ured to supply a pressurized flow of breathable gas at a first
pressure range of about O to 50 cm H20. In some embodi-
ments, pressure generator 12 may be configured to supply a
pressurized flow of breathable gas at a second pressure range
of about O to 30 cm H20. In some embodiments, pressure
generator 14 may be configured to supply a pressurized tlow
of breathable gas at other pressures and/or pressure ranges.

One or more sensors 28 are configured to generate output
signals conveying information related to one or more param-
cters of the gas within pressure control ventilation system
10. The one or more parameters of the gas within pressure
control ventilation system 10 may comprise gas parameters
related to the pressurized flow of breathable gas generated
by pressure generator 12, breathing parameters related to
respiration ol the subject employing pressure control venti-
lation system 10, and/or other parameters. Sensors 28 may
comprise one or more sensors that measure such parameters
directly (e.g., through fluid communication with the flow of
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gas 1n interface appliance 30, and/or conduit 32). Sensors 28
may comprise one or more sensors that generate surrogate
output signals related to the one or more parameters indi-
rectly. For example, sensors 28 may comprise one or more
sensors configured to generate an output based on an oper-
ating parameter of pressure generator 12 (e.g., patient tlow
and/or pressure estimations irom motor current, voltage,
rotational velocity, and/or other operating parameters), and/
or other sensors.

The one or more gas parameters of the pressurized flow of
breathable gas may comprise, for example, one or more of
a flow rate, a volume, a pressure, humidity, temperature,
acceleration, velocity, and/or other gas parameters. Breath-
ing parameters related to the respiration of a subject may
comprise a tidal volume, respiratory flow phase (e.g.,
inspiratory tlow phases, expiratory flow phases, etc.), a
timing (e.g., start and/or end of inspiratory flow phases, start
and/or end of expiratory flow phases, etc.), a respiration rate,
a duration (e.g., of mspiratory tflow phases, ol expiratory
flow phases, of a single breathing cycle, etc.), respiration
frequency, and/or other breathing parameters.

Although sensors 28 are illustrated at a single location 1n
pressure control ventilation system 10, this 1s not intended to
be limiting. Sensors 28 may comprise sensors disposed in a
plurality of locations, such as for example, at various
locations within (or 1 communication with) conduit 32,
within pressure generator 12, within (or 1n communication
with) interface appliance 30, and/or other locations.

Processor 14 1s configured to provide information pro-
cessing capabilities 1 pressure control ventilation system
10. As such, processor 14 may comprise one or more of a
digital processor, an analog processor, a digital circuit
designed to process information, an analog circuit designed
to process information, a state machine, and/or other mecha-
nisms for electronically processing information. Although
processor 14 1s shown 1 FIG. 1 as a single entity, this 1s for
illustrative purposes only. In some implementations, proces-
sor 14 may comprise a plurality of processing units. These
processing units may be physically located within the same
device (e.g., pressure generator 12), or processor 14 may
represent processing functionality of a plurality of devices
operating 1n coordination.

As shown 1n FIG. 1, processor 14 1s configured to execute
one or more computer program modules. The one or more
computer program modules may comprise one or more of a
synchronization module 16, an interval module 18, a control
module 20, and/or other modules. Processor 14 may be
configured to execute modules 16, 18, and/or 20 by soft-
ware; hardware; firmware; some combination of software,
hardware, and/or firmware; and/or other mechanisms for
conflguring processing capabilities on processor 14.

It should be appreciated that although modules 16, 18, and
20 are 1llustrated in FIG. 1 as being co-located within a
single processing unit, in implementations 1 which proces-
sor 14 comprises multiple processing units, one or more of
modules 16, 18, and/or 20 may be located remotely from the
other modules. The description of the functionality provided
by the different modules 16, 18, and/or 20 described below
1s for illustrative purposes, and 1s not intended to be limiting,
as any of modules 16, 18, and/or 20 may provide more or
less functionality than i1s described. For example, one or
more of modules 16, 18, and/or 20 may be eliminated, and
some or all of 1ts functionality may be provided by other
modules 16, 18, and/or 20. As another example, processor
14 may be configured to execute one or more additional
modules that may perform some or all of the functionality
attributed below to one of modules 16, 18, and/or 20.
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Synchronization module 16 1s configured to detect
inspiratory and expiratory tlow phases of the respiration
cycles of a breathing subject employing pressure control
ventilation system 10. The detection may be based on the
one or more output signals from the one or more sensors 28
conveying information related to tlow rate parameters of the
gas within pressure control ventilation system 10.

By way of illustrations, FIG. 2 illustrates plots of gas
parameters of the pressurized flow of breathable gas over
time (e.g., represented by output signals of one or more
sensors). Plot 34 provides a graphical representation of tlow
rate. In plot 34, the changing respiratory flow rate of the
pressurized flow of breathable gas illustrates inspiratory
flow phases (e.g., peaks 36 representing inhalation) when
flow 1s positive relative to zero or baseline, and troughs 38
which represent expiratory tlow phases (e.g., exhalation)
when flow 1s negative relative to zero or baseline. Transi-
tions between inspiratory flow phases and expiratory flow
phases may be determined by the transition or an anticipated
transition based on tlow trajectory between troughs 38 and
peaks 36 as shown graphically in plot 34. Plot 46 provides
a graphical representation of the pressure of the pressurized
flow of breathable gas generated by pressure generator 12
(e.g., represented by output signals of one or more sensors).

Returming to FIG. 1, synchronization module 16 1s con-
figured to detect starts and ends of inspiratory flow phases
(c.g., peaks 36 as shown i1n FIG. 2) and expiratory flow
phases (e.g., troughs 38 as shown 1n FIG. 2). For example,
in FIG. 2, a first expiratory tlow phase 40 1s shown i plot
34. First expiratory tlow phase 40 includes a start 42 which
occurs at the transition between a first inspiratory flow phase
39 (e.g., temporally first flow phase within the time interval
and immediately preceding the first expiratory flow phase
40) and the first expiratory tlow phase 40.

In plot 34, the end of the first expiratory flow phase 40
may be indicated by a start 43 of a second 1nspiratory flow
phase 45 immediately following the first expiratory flow
phase 40. The start 43 of second inspiratory flow phase 45
indicates the end of first expiratory tlow phase 40. In
addition, a second expiratory flow phase 44 may also be
indicated as the trough immediately following second
inspiratory flow phase 45. Second expiratory flow phase 44,
does not produce and airway release as during first expira-
tory phase 40, because interval 54 has yet to expire.

It 1s noted that although detailed descriptions of start 42
of first expiratory flow phase 40 and start 43 of second
ispiratory flow phase 45 are provided, 1t 1s to be understood
that starts and ends of any and all inspiratory and expiratory
flow phases of a respiration cycle of a breathing subject,
including those not shown directly in FIG. 2, can be deter-
mined from plot 34. As such 1t 1s to be understood that
detection of starts and ends may be carried out longer or
shorter than the time periods depicted by the plots shown 1n
FIG. 2.

It 1s to be understood for convention 1n this disclosure,
that transitions between inspiratory flow phases (e.g., peaks
36) and expiratory flow phases (e.g., troughs 38) includes
both the flow rate measurements representing the end of the
ispiratory flow phase and the start of the expiratory tlow
phase. Therefor the term “end of the inspiratory flow phase”™
essentially refers to the same tlow rate measurements as the
term “‘start of the expiratory flow phase” which immediately
follows the inspiratory flow phase. Further it 1s to be
understood that transitions between expiratory flow phases
(e.g., troughs 38) and inspiratory tlow phases (e.g., peaks
36) includes both the flow rate measurement representing
the end of the expiratory flow phase and the start of the
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inspiratory flow phase. Therefor the term “end of the expi-
ratory flow phase” refers generally to the same flow rate
measurements as the term “start of the inspiratory flow
phase” which immediately follows the expiratory flow
phase.

Returning to FIG. 1, mterval module 18 1s configured to
define time 1ntervals for which pressure control ventilation
system 10 provides periodic airway pressure release venti-
lation. Individual time intervals may encompass one occur-
rence ol airrway pressure release ventilation. Individual time
intervals may encompass more than one occurrence of
airway pressure release ventilation. Time intervals may
include beginning times and end times. Time intervals may
be defined by user selection through user interface 26 of
pressure control ventilation system 10. The user may be the
subject, a health care professional, and/or other user. Time
intervals may be predetermined by pressure control venti-
lation system 10. For example time intervals can be set to 15
seconds (or other amount). Time 1ntervals may be dynami-
cally defined by the particular breathing patterns of a sub-
ject. For example, mtervals may be defined by the average
amount of time 1t takes for a subject to complete four (or
other amount) of inspiratory and expiratory flow phases
(e.g., breaths).

By way of illustrations, FIG. 2 illustrates plot 32 provid-
ing a graphical representation of time intervals. Plot 52
depicts a first time interval 54, a second time interval 60,
and/or more and/or less time intervals 1n which periodic
alrrway pressure release ventilation 1s provided. In plot 52,
the beginning 56 and end 38 of {first time interval 54 are
temporally indicated. The end 58 of first time 1nterval 54 1s
defined as the start of second time 1nterval 60.

Flow phases (e.g., peaks 36 and troughs 38 1n plot 34)
may be temporally defined with respect to time intervals.
Flow phases may be designated as temporally first, second,
third, etc., flow phases with respect to the beginning and end
times of the time intervals. For example, 1n plot 34 of FIG.
2, first expiratory flow phase 40 1s the temporally first
expiratory flow phase within first time interval 54 with
respect to beginning time 56. Second expiratory tlow phase
44 1s the temporally second expiratory flow phase with
respect to first time interval 54, and so forth. Subsequent
expiratory flow phases following first expiratory tlow phase
40 may be designated as temporally first expiratory tlow
phases due to the relationship of the start of a particular
expiratory flow phase (e.g., transition from peak 36 to trough
38) with respect a start of a time interval. For example, fifth
expiratory flow phase 59 (e.g., the fifth trough 38 when
counting left to right) 1s the temporally first expiratory tlow
phase with respect to second time interval 60.

In FIG. 1, control module 20 1s configured to eflectuate
delivery and/or adjustment and/or maintenance of a pressure
and/or pressure range of pressurized tlow of breathable air
generated by pressure generator 14 1n a variety of ways.
Control module 20 1s configured to control pressure genera-
tor 12 to deliver pressurized tlow of breathable gas with a
pressure that fluctuates between particular pressure levels
and/or pressure ranges. Control module 20 may be config-
ured to eflectuate delivery of the pressurized flow of breath-
able gas to the airway of the subject at an 1mitial pressure
level and/or pressure range at the beginning of the time
intervals (e.g., at the beginning times or toward the begin-
ning).

Control module 20 may be configured to effectuate adjust-
ment of the pressurized flow from the initial pressure and/or
or pressure range to an adjusted pressure and/or pressure
range responsive to a detection by synchronization module
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16 of a start of a temporally first (and/or second, third,
tourth, etc.) expiratory flow phase within the time intervals,
and/or other detection by synchronization module 16. Con-
trol module 20 may be configured to eflectuate maintenance
of delivery of the pressurized flow of breathable gas at the
adjusted pressure and/or pressure range over the duration of
the temporally first (and/or second, third, fourth, etc.) expi-
ratory flow phase, and/or other time duration.

Control module 20 may be configured to eflectuate adjust-
ment of the pressurized tlow from the adjusted pressure
and/or pressure range back to the initial pressure level and/or
pressure range, and/or other pressure level and/or pressure
range, after the expiration of the duration of the temporally
first (and/or second, third, fourth, etc.) expiratory flow
phase, and/or other time duration. Control module 20 may
be configured to eflectuate maintenance of delivery of the
pressurized flow of breathable gas at the initial pressure
and/or pressure range, and/or other pressure and/or pressure
range, over subsequent expiratory flow phases following the
temporally first (and/or second, third, fourth, etc.) expiratory
flow phase at least until the expiration of the time interval.

Control module 20 1s configured to control pressure
generator 12 to deliver pressurized flow of breathable gas at
a first pressure range (e.g., first pressure range 48 in plot 46
of FIG. 2). Delivery of the pressurized tflow of breathable gas
allows subjects to breathe spontancously. At the first pres-
sure range, the lungs of the subject are supported by the
pressurized tlow of breathable gas to maintain adequate lung
volume. Delivery of pressurized flow of breathable gas by
pressure generator 12 at the first pressure range may
improve oxygenation through greater alveolar recruitment.

Control module 20 1s configured to control pressure
generator 12 to deliver pressurized flow of breathable gas at
a second pressure range (e.g., second pressure range 50
shown 1n plot 46 of FIG. 2) which {facilitates periodic
exhalation of carbon dioxide from the subjects’ airway at
periodic 1tervals. The second pressure range may be lower
than first pressure range. At the second pressure range,
pressure ol the pressurized flow generated by pressure
generator 12 through the airway of the subject 1s reduced to
facilitate exhalation of carbon dioxide from the subject’s
lungs. The frequency at which control module 20 effectuates
delivery of pressurized flow of breathable gas at the second
pressure range may be based on detections of any one of
temporally first, second, third, fourth, etc. expiratory flow
phase within the time intervals.

By way of illustration, FIG. 3 depicts exemplary, non-
limiting method 62 showing operations of control module 20
of FIG. 1 1 controlling pressure generator 12 of FIG. 1 to
deliver the pressurized flow of breathable gas so that pres-
sure fluctuates between the first pressure range and the
second pressure range. Operations 64 and 66 perform eflec-
tuating delivery of the pressurized flow of breathable gas to
the airway of the subject at an nitial pressure and/or
pressure range at the beginning times of the time intervals.
Operations 68 and 72 perform adjustment of the pressurized
flow from an 1nitial pressure and/or pressure range to an
adjusted pressure and/or pressure range responsive to a
detection (e.g., by synchronization module 16 of FIG. 1) of
a start of a temporally first (and/or second, third, fourth etc.)
expiratory tlow phase within the time intervals, and/or other
detection. Absent a detection of the start of a temporally first
(and/or second, third, fourth etc.) expiratory flow phase
within time intervals, at operation 70, adjustment of the
pressurized tlow from the initial pressure and/or pressure
range to the adjusted pressure and/or pressure range 1s
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performed responsive to a detection of an expiration of a first
threshold time limit following the beginning of the time
interval.

By way of further illustration, returning to FIG. 2, plot 46
depicts the delivery of the pressurized tflow of breathable gas
to the airway of the subject at first pressure range 48 at the
beginning time 56 of first time 1nterval 34. Adjustment of the
pressurized tlow from the first pressure range 48 to the
second pressure range 50 1s depicted responsive to a detec-
tion of start 42 of {first expiratory flow phase 40 1n the first
time 1nterval 54 (the first expiratory tlow phase 40 being the
temporally first expiratory tflow phase 1n first time interval
54). Absent a detection (e.g., by synchronization module 16
of FIG. 1) of start 42 of first expiratory tflow phase 40 (e.g.,
temporally first expiratory flow phase within first time
interval 54), adjustment of the pressurized tlow from the first
pressure range 48 to the second pressure range 30 1s respon-
sive to a detection of an expiration of a first threshold time
limit following beginning 56 of first time interval 54.

First threshold time limit may be defined by user selection
(e.g., through user interface 26 of pressure control ventila-
tion system 10 i FIG. 1). The user may be the subject, a
health care proiessional, and/or other user. First threshold
time limit may be predetermined. For example threshold
time limit may be set to 2 seconds (or other amount). First
threshold time limit may be dynamically defined by the
particular breathing patterns of a subject. For example, first
threshold time limit may be defined by the average amount
of time 1t takes for the subject to complete inspiratory tlow
phases (e.g., inhalations).

Returning to FIG. 3, at an operation 74, maintenance of
delivery of the pressurized flow of breathable gas at the
adjusted pressure level and/or pressure range 1s performed
over the duration of the temporally first (and/or second,
third, fourth etc.) expiratory tlow phase, and/or other time
duration. The duration of the temporally first (and/or second,
third, fourth etc.) expiratory flow phase may be the time
between a detection of the start of the temporally first
(and/or second, third, fourth etc.) expiratory flow phase and
the start of the inspiratory tlow phase immediately following
the temporally first (and/or second, third, fourth, etc.) expi-
ratory flow phase within the time interval.

Absent a detection of the start of the inspiratory tlow
phase immediately following the temporally first (and/or
second, third, fourth etc.) expiratory flow phase within the
time interval, an operation 76 may perform maintenance of
the delivery of the pressurized flow of breathable gas at the
adjusted pressure and/or range over a duration of time which
1s the time between the start of the temporally first (and/or
second, third, fourth etc.) expiratory phase and the end of a
second threshold time limit following the start of the tem-
porally first (and/or second, third, fourth etc.) expiratory
flow phase. At an operation 78 adjustment of the pressurized
flow from the adjusted pressure and/or pressure range back
to the mmtial pressure and/or pressure range, and/or other
pressure and/or pressure range 1s performed after the expi-
ration of the duration of the temporally first (and/or second,
third, fourth etc.) expiratory flow phase and/or other time
duration associated with maintenance of delivery of the
pressurized tlow of breathable gas at the adjusted pressure
and/or pressure range.

For example returning to FIG. 2, maintaining the delivery
of the pressurized tflow of breathable gas at the second
pressure range 50 over the first expiratory tlow phase 40
(e.g., temporally first expiratory flow phase within first
interval 54) includes maintaiming the delivery of the pres-
surized flow of breathable gas during the time between the
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start 42 of the first expiratory flow phase 40 and start 43 of
second 1nspiratory flow phase 45 (e.g., the inspiratory flow
phase immediately following first expiratory flow phase 40).
Absent a detection of the start 43 of second nspiratory flow
phase 45, maintenance of delivery of pressurized flow of
breathable gas at second pressure range 50 may be per-
formed during the time between the start 42 of the first
expiratory flow phase 40 and the end of a second threshold
time limit following the start 42 of the first expiratory tlow
phase 40. Second threshold time limit may be defined by
user selection.

The user may be the subject, a health care professional,
and/or other user. Second threshold time limit may be
predetermined. For example threshold time limit may be set
to 3 seconds (or other amount). Second threshold time limit
may be dynamically defined by the particular breathing
patterns of a subject. For example, second threshold time
limit may be defined by the average amount of time 1t takes
for the subject to complete expiratory flow phases (e.g.,
exhalations). Responsive to the detection of the expiration of
the first expiratory flow phase 40 (e.g., detection of the start
43 of second inspiratory flow phase 45), and/or detection of
the expiration of the second threshold time limit following,
the start 42 of first expiratory tlow phase 40, adjustment of
pressurized tlow from second pressure range 50 back to first
pressure range 48 1s performed.

Returning to FIG. 3, at operations 80 and 82, maintenance
of delivery of the pressurized flow of breathable gas at the
initial pressure level and/or pressure range, and/or other
pressure level and/or pressure range, over subsequent expi-
ratory and inspiratory flow phases following the temporally
first (and/or second, third, fourth etc.) expiratory flow phase
1s performed at least until the expiration of the time interval.
For example, returning to FIG. 2, maintenance of deliver of
the pressurized flow of breathable gas first pressure range 48
over subsequent expiratory and inspiratory flow phases
following the first expiratory flow phase 40 of first time
interval 54 1s performed at least until the end 58 of first time
interval 34. Maintaining the delivery within first pressure
level 48 may include, for example, that the pressure level
being delivered within first pressure range 48 may be varied
to a relatively higher pressure level within first pressure
range 48 to provide additional pressure support during
inspiratory tlow phases following first expiratory flow phase
40. The pressure level being delivered within first pressure
range 48 may be varied to a relatively lower pressure level
to provide pressure relief in the first pressure range 48 during,

expiratory flow phases following first expiratory flow phase
40.

FIG. 4 1llustrates a method 100 of delivering pressure
control ventilation configured to provide periodic airway
pressure release ventilation synchronous to a subject’s
breathing pattern. The delivery of pressure control ventila-
tion may include a pressure generator configured to generate
pressurized flow of breathable gas to a subject, a conduit for
communicating pressurized flow from the pressure genera-
tor to a subject, an 1nterface appliance to communicate the
pressurized flow to the airway of the subject, one or more
sensors configured to generate output signals conveying
information related to one or more gas parameters of the
pressurized flow, one or more processors configured to
execute computer modules, a power source, a user interiace,
clectronic storage, and/or other components. The operations
of method 100 presented below are intended to be 1llustra-
tive. In some embodiments, method 100 may be accom-
plished with one or more additional operations not
described, and/or without one or more of the operations
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discussed. Additionally, the order 1n which the operations of
method 100 are illustrated 1n FIG. 4 and described below 1s
not intended to be limiting.

In some embodiments, method 100 may be implemented
in one or more processing devices (e.g., a digital processor,
an analog processor, a digital circuit designed to process
information, an analog circuit designed to process informa-
tion, a state machine, and/or other mechanisms for electroni-
cally processing information). The one or more processing
devices may include one or more devices executing some or
all of the operations of method 100 1n response to instruc-
tions stored electronically on an electronic storage medium.
The one or more processing devices may include one or
more devices configured through hardware, firmware, and/
or software to be specifically designed for execution of one
or more of the operations of method 100.

At an operation 102, the pressurized flow of breathable
gas 15 generated with the pressure generator. In some
embodiments, operation 102 1s performed by a pressure
generator the same as or similar to pressure generator 12
(shown 1n FIG. 1 and described herein).

At an operation 104, the pressurized flow of breathable
gas 1s communicated to the airway of the subject with the
interface appliance. In some embodiments, operation 104 1s
performed by an interface appliance the same as or similar
to interface appliance 30 (shown in FIG. 1 and described
herein).

At an operation 106, one or more output signals convey-
ing information related to one or more gas parameters of the
pressurized flow of breathable gas are generated with the
one or more sensors. In some embodiments, operation 106
1s performed by sensors the same as or similar to sensors 28
(shown 1n FIG. 1 and described herein.)

At an operation 108, one or more program modules are
executed by one or more processors. In some embodiments,
operation 108 1s performed by one or more processors the
same as or similar to processor 14 (shown in FIG. 1 and
described herein).

At an operation 110, inspiratory and expiratory tlow
phases of the breathing subject are detected. The detection
may include detecting starts and ends of the ispiratory and
expiratory flow phases of the breathing subject. The detec-
tion may be based 1n part on the output signals of the one or
more sensors ifrom operation 106. In some embodiments,
operation 110 1s performed by a synchronization module the
same as or similar to synchronization module 16 (shown 1n
FIG. 1 and described herein).

At an operation 112, time intervals for providing periodic
airway pressure release ventilation are defined. The time
intervals may include beginning times and end times. In
some embodiments, operation 112 1s performed by an inter-
val module the same as or similar to interval module 18
(shown 1n FIG. 1 and described herein).

At an operation 114, the pressure generator 1s controlled
to deliver pressurized flow of breathable gas with a pressure
that fluctuates between pressure ranges. Such control may
include controlling the pressure generator to deliver pres-
surized flow of breathable gas with a pressure that fluctuates
between first and second pressure ranges such that at the first
pressure range the lungs of the subject are supported by the
pressurized tlow of breathable gas to prevent collapse of the
lungs, and at the second pressure range pressure through the
airway ol the subject 1s reduced to facilitate exhalation of
carbon dioxide from the subjects lungs. Such control may
include, effectuating delivery of the pressurized tlow of
breathable gas to the airway of the subject with the first
pressure range at the beginming time of a first time 1nterval,
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cllectuating adjustment of the pressurized flow from the first
pressure range to the second pressure range responsive to a
detection by the synchronization module of a start of a
temporally first (and/or second, third, fourth, etc.) expiratory
flow phase 1n the first time interval, eflectuating mainte-
nance ol delivery of the pressurized flow of breathable gas
at the second pressure range over the first (and/or second,
third, fourth, etc.) expiratory flow phase, and eflectuating
maintenance of delivery of the pressurized tlow of breath-
able gas at the first pressure range over subsequent expira-
tory tlow phases following the first (and/or second, third,
fourth, etc.) expiratory tlow phase, that start in the first time
interval. In some embodiments, operation 114 1s performed
by a control module the same as or similar to control module
20 (shown 1n FIG. 1 and described herein).

In the claims, any reference signs placed between paren-
theses shall not be construed as limiting the claim. The word
“comprising” or “including” does not exclude the presence
of elements or steps other than those listed 1 a claim. In a
device claim enumerating several means, several of these
means may be embodied by one and the same item of
hardware. The word “a” or “an” preceding an element does
not exclude the presence of a plurality of such elements. In
any device claim enumerating several means, several of
these means may be embodied by one and the same 1tem of
hardware. The mere fact that certain elements are recited in
mutually different dependent claims does not indicate that
these elements cannot be used 1n combination.

Although the description provided above provides detail
for the purpose of illustration based on what 1s currently
considered to be the most practical and preferred embodi-
ments, 1t 1s to be understood that such detail 1s solely for that
purpose and that the disclosure 1s not limited to the expressly
disclosed embodiments, but, on the contrary, 1s intended to
cover modifications and equivalent arrangements that are
within the spirit and scope of the appended claims. For
example, 1t 1s to be understood that the present disclosure
contemplates that, to the extent possible, one or more
features of any embodiment can be combined with one or
more features of any other embodiment.

What 1s claimed 1s:

1. A pressure control ventilation system configured to
provide airway pressure release ventilation synchronous
with a breathing subject, the pressure support system com-
prising:

(a) a pressure generator configured to generate a pressur-

1zed flow of breathable gas;

(b) one or more sensors configured to generate output
signals conveying information related to one or more
gas parameters of the pressurized flow of breathable
gas; and

(c) one or more processors configured to execute com-
puter program modules, the computer program mod-
ules comprising:

(1) a synchronization module configured to detect
inspiratory and expiratory tflow phases of the breath-
ing subject, including detecting starts and ends of the
inspiratory and expiratory flow phases of the breath-
ing subject, the detection based 1n part on the output
signals of the one or more sensors;

(2) an iterval module configured to:

(1) determine amounts of time the subject takes to
complete mspiratory flow phases and expiratory
flow phases, the amounts of time determined
during ventilation based in part on the output
signals of the one or more sensors; and
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(11) define time intervals, the time intervals having
start times and end times, the time intervals being
determined based on the amounts of time the
subject takes to complete inspiratory tflow phases
and expiratory flow phases during ventilation, the
time 1ntervals including a first time interval; and

(3) a control module configured to control the pressure
generator to deliver the pressurized flow of breath-
able gas with a pressure that fluctuates between first
and second pressure ranges, the first pressure range
being higher than the second pressure range, such
that delivering the pressurized flow of breathable gas
at the second pressure range reduces a gas pressure
in the airway of the subject relative to the gas
pressure when delivering the pressurized flow of
breathable gas at the first pressure range, wherein
such control of the pressure generator includes:

(1) providing the flow of breathable gas to the airway
of the subject within the first pressure range over
the first time 1nterval, wherein the first time inter-
val spans a plurality of respiratory cycles, and

(1) providing the tlow of breathable gas to the airway
of the subject at the second pressure range respon-
sive to the following conditions being detected:
(a) the first time interval has elapsed, and
(b) the synchronization module has detected a start

ol an expiratory flow phase.

2. The system of claim 1, wherein the control module 1s
turther configured to provide the flow of breathable gas to
the airway of the subject at the {irst pressure range respon-
sive to the synchronization module detecting an end of the
expiratory tlow phase.

3. The system of claim 1, wherein the control module 1s
turther configured such that providing the flow of breathable
gas to the airway of the subject within the {first pressure
range over the first time interval includes adjusting the
pressure level of the pressurized flow to different values
within the first pressure range during different expiratory
flow phases during the first time interval.

4. The system of claim 1, wherein the control module 1s
turther configured such that providing the flow of breathable
gas to the airway of the subject within the first pressure
range over the first time interval includes varying the
pressure level of the pressurized tlow within the first pres-
sure range to a relatively higher pressure during inspiratory
flow phases and to a relatively lower pressure during expi-
ratory tlow phases.

5. The system of claim 1, wherein the 1interval module 1s
configured such that determiming the amounts of time the
subject takes to complete inspiratory flow phases and expi-
ratory flow phases comprises determining the average
amounts of time the subject takes to complete ispiratory
flow phases and expiratory flow phases, and the time inter-
vals are determined based on the average amounts of time.

6. A method for controlling a pressure generator to
provide airway pressure release ventilation synchronous
with a breathing subject, the method being implemented by
a ventilation system including the pressure generator, one or
more sensors configured to generate output signals convey-
ing information related to one or more gas parameters of a
pressurized tlow generated by the pressure generator, one or
more physical processors configured to execute computer
program modules, a power source, a user interface, and
clectronic storage, the method comprising:

generating the pressurized flow of breathable gas with the

pressure generator;
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generating output signals conveying information related
to one or more gas parameters of the pressurized flow
of breathable gas with the one or more sensors;

executing computer program modules on the processor;

detecting inspiratory and expiratory tlow phases of the
breathing subject including detecting starts and ends of
the inspiratory and expiratory flow phases of the
breathing subject;

defimng time intervals for providing periodic airway
pressure release ventilation, the defining time 1ntervals
including;

determining amounts of time the subject takes to com-

plete mspiratory flow phases and expiratory tlow
phases, the amounts of time determined during ven-
tilation based 1n part on the output signals of the one
or more sensors; and

defining beginning times and end times of the time

intervals, the time 1ntervals being determined based
on the amounts of time the subject takes to complete
inspiratory flow phases and expiratory tlow phases
during ventilation, the time intervals including a first
time interval; and
controlling the pressure generator to deliver the pressur-
1zed tlow of breathable gas with a pressure that fluc-
tuates between pressure ranges, including controlling
the pressure generator to deliver the pressurized flow of
breathable gas with a pressure that fluctuates between
first and second pressure ranges, the first pressure range
being higher than the second pressure range, such that
delivering the pressurized flow of breathable gas at the
second pressure range reduces a gas pressure in the
arrway ol the subject relative to delivering the pressur-
1zed flow of breathable gas at the first pressure range,
wherein controlling the pressure generator comprises:
1) providing the flow of breathable gas to the airway of
the subject withun the first pressure range over the
first time interval, wherein the first time interval
spans a plurality of respiratory cycles, and
11) providing the flow of breathable gas to the airway of
the subject at the second pressure range responsive to
the following conditions being detected:
a) the first time interval has elapsed, and
(b) a start of an expiratory flow phase has been
detected.

7. The method of claim 6, wherein controlling the pres-
sure generator to provide the flow of breathable gas to the
airway ol the subject at the {irst pressure range 1s responsive
to detecting an end of the expiratory flow phase.

8. The method of claim 6, wherein providing the tlow of
breathable gas to the airway of the subject within the first
pressure range over the first time interval includes adjusting,
the tlow of breathable gas to different values within the first
pressure range during different expiratory flow phases dur-
ing the first time interval.

9. The method of claim 6, wherein providing the flow of
breathable gas to the airway of the subject within the first
pressure range over the first time interval includes varying
the pressure level of the pressurized tlow within the first
pressure range to a relatively higher pressure during inspira-
tory flow phases and to a relatively lower pressure during
expiratory tlow phases.

10. The method of claim 6, determining the amounts of
time the subject takes to complete ispiratory flow phases
and expiratory flow phases comprises determining the aver-
age amounts of time the subject takes to complete mspira-
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tory tlow phases and expiratory flow phases, and the time
intervals are determined based on the average amounts of
time.

11. A pressure control ventilation system configured to
provide airway pressure release ventilation synchronous
with a breathing subject, the pressure support system com-
prising:

means for generating a pressurized tlow of breathable gas;

means for communicating the pressurized tlow of breath-

able gas to the airway of the subject;

means for generating output signals conveying informa-

tion related to one or more gas parameters of the
pressurized tlow of breathable gas;

means for executing computer program modules;

means for detecting inspiratory and expiratory tlow

phases of the breathing subject including detecting
starts and ends of the inspiratory and expiratory flow
phases of the breathing subject;

means for defining time intervals for providing periodic

arrway pressure release ventilation, defining time inter-

vals including:

determining amounts of time the subject takes to com-
plete mspiratory flow phases and expiratory tlow
phases, the amounts of time determined during ven-
tilation based 1n part on the output signals of the one
or more sensors; and

defining start times and end times of the time intervals,
the time intervals being determined based on the
amounts of time the subject takes to complete
inspiratory flow phases and expiratory flow phases
during ventilation, the time intervals including a first
time; and

means for
controlling the means for generating the pressurized flow of
breathable gas to deliver the pressurized flow of breathable
gas with a pressure that fluctuates between pressure ranges,
the means for controlling the means for generating the
pressurized flow of breathable gas including means for
controlling the means for generating the pressurized flow of
breathable gas to deliver the pressurized tflow of breathable
gas with a pressure that fluctuates between first and second
pressure ranges, the first pressure range being higher than
the second pressure range, wherein the controlling means:

1) provides the flow of breathable gas to the airway of the

subject within the first pressure range over a first time
interval, wherein the first time interval spans a plurality
of respiratory cycles, and

11) provides the tflow of breathable gas to the airway of the

subject at the second pressure range responsive to the

following conditions being detected:

(a) the first time interval has elapsed, and

(b) a start of an expiratory flow phase has been
detected.

12. The system of claim 11, wherein the means for
controlling the means for generating the pressurized flow of
breathable gas 1s turther configured to provide the flow of
breathable gas to the airway of the subject at the first
pressure range responsive to detection of an end of the
expiratory tlow phase.

13. The system of claim 11, wherein the means for
controlling the means for generating the pressurized flow of
breathable gas provides the flow of breathable gas to the
airway ol the subject within the first pressure range over the
first time interval such that the pressure level 1s adjusted to
different values within the first pressure range during dii-
ferent expiratory flow phases during the first time interval.
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14. The system of claim 11, wherein the means for
controlling the means for generating the pressurized flow of
breathable gas provides the flow of breathable gas to the
airway ol the subject within the first pressure range over the
first time 1nterval such that the pressure level varies within 5
the first pressure range to a relatively higher pressure during
ispiratory flow phases and to a relatively lower pressure
during expiratory flow phases.

15. The system of claim 11, wherein the means for
defining time 1ntervals are configured such that determining 10
the amounts of time the subject takes to complete inspiratory
flow phases and expiratory tlow phases comprises determin-
ing the average amounts of time the subject takes to com-
plete mspiratory flow phases and expiratory tlow phases,
and the time intervals are determined based on the average 15
amounts of time.
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